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SUMMARY 

The th ree  phases  of this  work a r e  to obtain: 

pe r fo rmance  f rom liquid ammonia ba t t e r i e s  ove r  the t e m p e r a t u r e  

r ange -40  " C  to -73°C;  (11) 

and (111) ce l l  pe r fo rmance  a t  -90°C.  

(I)  72-hour  ba t te ry  

l imited wet  s tand capabi l i t ies  to t7O"C; 

Reproducible low t empera tu re  cell pe r fo rmance  has  been accomp-  

l i shed  th i s  q u a r t e r  at -63°C by the addition of small quant i t ies  of 

sulfur  into the cathode of the m a g n e s i u m / m e r c u r i c  sulfate bobbin 

ce l l .  P e r f o r m a n c e  a t  the upper t empera tu re  i s  p re sen t ly  l imited 

by a s p e c t s  of P h a s e  11. 

The low t e m p e r a t u r e  per formance  goal has  a l so  been exceeded with 

the magnesium/meta-dinitrobenzene couple by the u s e  of a sp i r a l ed  

f la t  plate  configuration. 

t i m e  a t  t 2 0 " C  to a s l ight ly  lower end voltage.  

This ce l l  also pe r fo rmed  for  the r equ i r ed  

Difficult ies encountered with suitable ce l l  conta iners  o r  vehic les  

and environmental  requi rements  of P h a s e s  I and I1 have been 

l a rge ly  overcome,  and an  approach to reproducibi l i ty  h a s  been 

es tab l i shed .  
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INTRODUCTION 

The f i r s t  objective of th i s  p rogram is to  obtain 2 .  1-watt ,  72-hour  

r e s e r v e  ba t t e ry  pe r fo rmance  over the t empera tu re  range - 40°C 

t o  -73°C by modification of existing Livingston Ammonia Bat te ry  

des igns .  

The second objective is  to develop l imi ted  wet  s tand capabili ty 

to  a n  upper  t e m p e r a t u r e  of t 7 0 " C .  

During the f i r s t  q u a r t e r ,  cell  t e s t  c h a m b e r s  w e r e  obtained and t e s t ed .  

Numerous difficult ies assoc ia ted  with he rme t i c  seals on these  t e s t  

c h a m b e r s  below - 5 5 ° C  w e r e  encountered.  Cell  t e s t s  w e r e  made  

i n  sp i te  of these  difficult ies,  while o ther  t e s t  c h a m b e r s  w e r e  

being s tudied fo r  poss ib le  u s e .  

The f i r s t  q u a r t e r ' s  approach  w a s  to obtain operat ion in the modera t e  

t e m p e r a t u r e  region of +20"C to -55°C and then to t e s t  similar ce l l s  

at -73" C. Three  cathode reac tan ts ,  m e r c u r i c  sulfate,  meta-d in i t ro-  

benzene, and sulfur  w e r e  examined. M a g n e s i u m / m e r c u r i c  sulfate 

c e l l s  w e r e  tes ted  in a bobbin s t r u c t u r e  due to the natural ly  high 

c u r r e n t  handling capabili ty of m e r c u r i c  sulfate .  Meta-dini t robenzene 

and sulfur  were  s imi la r i ly  tested in f la t -plate  cel l  s t r u c t u r e s  in o r d e r  

to  enhance the i r  c u r r e n t  handling capabi l i t ies  b y  geomet r i c  m e a n s .  

In the second q u a r t e r ,  considerable  effor t  w a s  focused upon improve -  

m e n t  of the cel l  vehicles;  a n d  t h r e e  useful cell  conta iners  evolved. 

Difficult ies assoc ia ted  with continuous operat ion at  the lower  t e m p e r a -  

t u r e s  w e r e  ove rcome  ea r ly  i n  the q u a r t e r  by providing -63°C within 

t e s t  tubes and -73°C  testing in A-622 and A-624 vehic les .  

avai labi l i ty  of the t e s t  tube vehicle h a s  been  ex t r eme ly  helpful in 

The 



- 2 -  

permi t t ing  observat ion and modif icat ions to  ce l l s  during operat ion.  

The approach during the second q u a r t e r  w a s  r e -o r i en ted  towards 

obtaining operat ion a t  the lower t e m p e r a t u r e s ,  -63°C  and -73" C, 

with subsequent evaluation at t 2 0  O C. 

The work is s t i l l  l a rge ly  a n  evolution in monovar ian t  s t eps  in  o r d e r  

to m e e t  a t  72-hour life requi rement  f r o m  t 2 0 " C  to -73°C.  

da t a  which a r e  included in the r e p o r t  infer  a sa t i s f ac to ry  improve-  

men t  in pe r fo rmance  as follows: 

The 

Cathode 

1.  M e r c u r i c  sulfate + sulfur  >72 hours  a t  -63°C Bobbin Cell 

2. Meta-dini t robenzene >72 hours  at -73°C Sp i ra l edF la t  Cell  

Some difficulty in obtaining the 72-hour  life to the a r b i t r a r i l y  

se lec ted  cut-off 1.  5 volts a t  room t empera tu re  with magnes ium/  

meta-dini t robenzene w a s  obse rved .  However,  the capacity-potential  

data  shows a substant ia l  degree  of reproducibil i ty to  1 .  3 vol t s .  

I t  is in te res t ing  to note that  sulfur was  shelved a t  the end of the 

f i r s t  q u a r t e r  due to the relatively poor low t empera tu re  per formance  

i n  f la t  plate  ce l l s .  However,  the addition of re la t ively smal l  

amounts  of sulfur  to the m e r c u r i c  sulfate bobbin h a s  s e r v e d  to 

extend pe r fo rmance  to  the required period a t  low t e m p e r a t u r e .  
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TEST HAXDN'ARr 

During the cour se  of the fifth month,  an  improved  sea l  was  developed 

for  the A-622  t e s t  chamber ,  F igu re  I, page 4. The ce l l s  s ea l ed  in  

this chamber  can  be discharged in  the carbon dioxide r e f r i g e r a t o r  

a t  - 7 3 ° C .  

A second t e s t  chamber  was  also evolved during this  q u a r t e r .  

l a t e s t  t e s t  vehicle m a k e s  u s e  of disposaole, c ross - l inked  polyethylene 

pipe and re -usable  s ta in less  s tee l  end plugs,  "tgure 2,  page 5.  

P r e l i m i n a r y  hydraulic and pneumatic t e s t s  conducted on this con- 

ta iner  indicated that it could withstand pressc i rcs  i n  e x c e s s  of 

I ,  000 pounds p e r  squa re  inch a t  room t e m p e r a t u r e .  

of th i s  p las t ic  pipe makes  changing the cel l  length an  e a s y  t a s k .  

This  container  may a l so  be used a t  - 7 3 ° C  without f e a r  of contamina-  

tion in  the COz r e f r i g e r a t o r .  

This  

The versa t i l i ty  

One of o u r  mechanica l  re f r igera t ion  uni ts  w a s  re -des igned  and r e -  

built and now provides  a continuous operat ing t empera tu re  of - 6 3 "  C. 

In this  r e f r i g e r a t o r ,  open pyrex t e s t  tube ce l l s  can be t e s t ed  

continuously without s t a l ing  and without loss  v f  c.l(:ctrolyte. 
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MAGNESIUM/MERCURIC SULFATE BOBBIN CELLS 

Refer to Table I 

The m e r c u r i c  su l fa te  bobbin ce l l s  tes ted  during the second q u a r t e r  

a r e  l i s ted  in Table I, page 16  Many of the c e l l s  w e r e  enclosed in 

a t e s t  tube 1 . 8  inches in  d iameter  by 16 inches in  length.  

t e s t  tube was  i m m e r s e d  in cold circulat ing alcohol a t  -63"C, 

providing an operat ing cel l  of the full d i ame te r  which could be 

examined per iodical ly  throughout d i scha rge .  Many t e s t s  w e r e  

a l s o  conducted within the s ta in less  s t ee l  and p las t ic  A-624 vehicle.  

This 

The ma jo r i ty  of these  ce l l s  were  compr ised  of a bobbin containing 

HgS04 - 2"3 and carbon ( in  the ra t io  of 7 : 3) with a s i l ve r  cathode 

col lector  and a shee t  of magnesium alloy wrapped around i t .  

construct ion,  m o s t  of the bobbins w e r e  subjected to  vacuum to 

remove  m o i s t u r e  and air from the cathode mix: Following th is ,  the 

ce l l  was i n s e r t e d  in a vehicle and activated with a 25 weight percent  

solution of KSCN in  liquid ammonia.  

After 

The ce l l s  w e r e  d ischarged  under cyclic r e s i s t i v e  loads  to provide 

a nominal 0 .  3 wat t  f o r  54 minutes  and 1 .  5 wat ts  for  6 minutes  based 

upon 2 v o l t s l c e l l .  

Description of Cell T e s t s  --- 
Cell number  T2 w a s  placed i n  a P y r e x  t e s t  tube so  that the co r ros ion  

effects  and g a s  evolution could be observed .  

wel l  fo r  44 hours  down to 2. 0 vol ts ,  at which t ime the voltage 

dropped suddenly.  

co r ros ion  a t  the lead  wi re  connection to the anode. 

I t  per formed ve ry  

It is probable that f a i lu re  w a s  caused by 

Number T3 was  essent ia l ly  the s a m e  a s  T2, except that  the A-624 

vehicle  (without top c l o s u r e )  was used to  de te rmine  whether the 
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det r imenta l  effect  on the ce l l  pe r fo rmance .  

the lead  connection w a s  los t  dcie to  co r ros ion  

of the  expanded me ta l  anode (Exmet) ;  a s  a resu l t ,  a new sol id  

shee t  anode was  instal led.  

the voltage under  the heavy load dropped to 1 .  5 a f t e r  70  h o u r s .  

The d i scha rge  was  then continued until 

In Number T4 the anode was  made of a sol id  shee t  to prevent  loss 

of contac t  with the anode by cor ros ion  a s  w a s  obse rved  in  T2 and 

T3.  The ce l l  pe r fo rmed  continuously f o r  6 3  hours  to an end 

vol tage of 1 .  5 a t  the heavy load. 

In T5 the top plug of the A-624 c a s e  w a s  in se r t ed  to de t e rmine  the 

effect  of re ta ining the g a s  produced during d i scha rge .  The life a t  

- 6 3 ° C  w a s  reduced  f r o m  6 3  hours  to 57 hour s .  

r e s u m e d  af te r  t h r e e  days on open circui t ,  and then i t  r a n  an additional 

3 . 5  h o u r s .  

f o r  6 . 5  hours  more to  1 .  5 vo l t s .  

mo l  w e r e  1 .  11, 0 .  07,  and 0 .  13, respec t ive ly ,  f o r  a total of 1 .  31. 

The d i scha rge  was  

It  r ecove red  again a t  room t empera tu re  and continued 

The inc remen t s  in F a r a d a y s  p e r  

The weight of the cathode in Number T6 was  inc reased  substant ia l ly  

with no i n c r e a s e  in  l i fe .  The fact  that the apparent  densi ty  of the 

cathode mix  was  inc reased  about 20 p e r  cent  ove r  that  of T5 may 

have some  bear ing on the r e su l t s  obtained. 

A blockage in  the filling tube caused the l o s s  of Cell Number 7'7 

Both T8 and T9 w e r e  "slaked" with ammonia  g a s  to c o n v e r t  HgSO,. 

ZNH3 to HgSO, * 4NH3 and to l ibera te  the heat  of this  reac t ion  p r i o r  

t o  act ivat ion.  After slaking, the ce l l s  w e r e  act ivated with e lec t ro ly te  

from l e c t u r e  bottles under a p r e s s u r e  of 200 pounds p e r  s q u a r e  inch 

g.iuge. 

p r e s s e d  a rgon.  

The p r e s s u r e  w a s  maintained during d ischarge  with corn- 
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In an a t tempt  to gain the requi red  l ife a t  t 20°C ,  the cathode of Cell 

T8 was  not only "slaked, but i t s  d i a m e t e r  w a s  inc reased  f r o m  the 

usual  1 -1 /8"  to 1 -5 /8"  in o r d e r  to i n c r e a s e  i t s  poros i ty .  

hours ,  the voltage decreased  under  heavy load to 1 .  5 .  

same t ime,  however ,  the light load voltage w a s  2 .  1 7 .  

In 16 

At the 

T9 was s i m i l a r  to T6 except f o r  the slaking, the p r e s s u r e  activation, 

and a reduction in cathode apparent densi ty  f r o m  16 to  11  g r a m s  p e r  

cubic inch. 

obtained f rom T6. 

The per formance  of T9 w a s  only about half of that 

Cell T10 was  a n  i n v e r s e  bobbin in which the cen te r  anode was  enclosed 

in  s e p a r a t o r  p a p e r .  

anode envelope and the t e s t  tube wal l .  

g r e a t  that  i t  absorbed  only a sma l l  amount  of e lec t ro ly te  solution. 

The re fo re ,  the ce l l  voltage under load w a s  less  than 1 .  5 and did 

not i n c r e a s e  a f t e r  standing for 24 hour s .  

The cathode mix tu re  w a s  packed between the 

The cathode densi ty  was  so 

Cel ls  T11 and T17 w e r e  tes ted p r i m a r i l y  to de t e rmine  a sui table  

geometry  and anode to cathode spacing for  conventional bobbin 

cell cons t ruc t ion .  The f i r s t  t h ree  ca thodeswere  1-1  / 2 "  in d i ame te r  

and did not p e r f o r m  well;  s o  the  d i a m e t e r  was  d e c r e a s e d  to 1 - 3 /  16" 

and then to 1 - 1 /8" .  

c r e a s e d  to  about 1 /4" .  

life a t  each  t empera tu re .  

The anode to cathode annular  spacing w a s  in-  

These changes appeared  to have i n c r e a s e d  

Other  f a c t o r s  influenced the room t e m p e r a t u r e  t e s t s .  

T12 developed a minor  e lectrolyte  leak and appeared  to have a poor  

connection. 

was  1 .  97 under  the heavy load. 

F o r  example,  

T17 vented af ter  16 hours ,  at which t ime the voltage 
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In T11 and T16, the t empera tu re  w a s  inc reased  from -73°C to 

ambient  a f t e r  the end voltage under  max imum load had reached  

1 .  50.  

or iginal  peak and additional dischakge t ime w a s  obtained: 46 hours 

from T11 and 36 hours  from T16. 

In each c a s e ,  the voltage r ecove red  to approximately the 

T18 and T19 w e r e  similar except for anode a r e a .  

duction in  a r e a  yielded 10 per  cent  fewer  hours .  

c r e a s e  i n  t empera tu re  resul ted in  a s h a r p  r ecove ry  in voltage.  

A 16 p e r  cent  r e -  

H e r e  again,  an in- 

, T20 and T21 w e r e  s i m i l a r  to T18 and T19 except  that they w e r e  

t r ea t ed  with ammonia  vapor  ( s laked)  to convert  HgSO, * 2NH3 to 

HgSO, 4NH3 and d iss ipa te  the hea t  of react ion p r i o r  to activation. 

Since the ave rage  d ischarge  t ime  of T18 and T19 was  56 hour s  and 

that  of T20 and T21 w a s  53 hours ,  t h e r e  s e e m s  to be no advantage i n  

slaking when activation i s  c a r r i e d  out a t  low t empera tu re .  

Shawinigan acetylene black (dr ied  and micronized)  was  used  in  T22 

( 5  g r a m s )  and in  T25 ( 9  g r a m s )  to improve  the poros i ty  and conductivity 

of the cathodes.  The average  l ife of T18 and T19 with no additive w a s  

56 hour s  as compared  with 55 hour s  for  T22. T 2 5 ,  containing 9 g r a m s  

of acetylene black, yielded only 39 hour s  in  c o n t r a s t  with an  ave rage  

l ife of 53 hours  in the c a s e  of T20 and T21 which contained none. The 

r e s u l t s  demons t r a t e  no advantage a t  -63°C through the use  of acetylene 

black. 

lyte was improved;  and this m a y  be of significance.  

However,  i t  w a s  noted that  the r a t e  of absorpt ion of the e l ec t ro -  

In the following th ree  t e s t s ,  o ther  v e a n s  of improving a c c e s s  of 

e lec t ro ly te  to  cathode w e r e  t r ied .  In cell  T23, th i r ty  discs of s e p -  

a r a t o r  pape r  w e r e  i n s e r t e d  at i n t e rva l s  in the cathode cup as it w a s  

ht.ing f i l led.  

in T24. 

cathode mix tu re .  

s u m m a r i z e d  below. 

Fif teen d i s c s  of blot ter  paper  rep laced  the rayon paper  

In T28, t h ree  g r a m s  of pape r  pulp w e r e  blended with the 

These  tes t s  w e r e  conducted at -63°C  and a re  



-10- 

Variable Hours  to  
T e s t  No. Kind Amount Slaked End Voltage 

T - 2 3  Rayon 30 d i s c s  Yes 46 

T - 2 4  I3 Io tt e r 15 d i s c s  Yes 48 

T-20  & 21 NONE Yes 53 ave .  

T- 28 P u l p  3 grams no 6 2 .  5 

T-18 & 19 NONE no 56 ave.  

Nothing was gained by the inclusion of e i the r  the rayon paper  o r  

the b lo t te r  paper ,  but the addition of pape r  pulp m a y  be significant.  

It should be noted that  in  T23, T24, and T28 s t r a igh t  s i l ve r  w i r e  

cathode co l lec tors  w e r e  u s e d  in p1;tcc of s i l ve r  co i l s  because of 

construct ion difficult ies.  

negligable effect  on cel l  per formance .  

It is indicated that  this  change had a 

T29 and T34  w e r e  four-day act ive s tand  t e s t s  in KSCN-ammonia 

e lec t ro ly te  a t  - 6 3 ° C .  

a cathode only. 

and covered  with sca l e .  The cel l  did not function with this  anode 

o r  with a new one. After the act ive s tand of 1 3 4 ,  and anode w a s  

placed around the cathode; at which t ime t h e r e  w < t s  an immedia t e  

and violent evolution of gas; and the anode turned  black. After the 

application of the cycl ic  load, the ce l l  ran  only  t e n  hours a t  - 6 3 ° C  

to an  end voltage under  maximum load of 1 .  5. 

The f o r m e r  was  a complete  cell ;  the l a t t e r ,  

In the c a s e  of T29, the anode was  badly co r roded  

The cathode of ce l l  T30 was sa tu ra t ed  with a solution of 17 g r a m s  

of NI&SCN in  53 g r a m s  of liquid ammonia  a t  - 6 3 ° C  for  18 hour s .  

Then, a magnes ium shee t  anode was  wrapped around i t ;  and the 

cel l  was  act ivated a s  usual .  A l i fe  of 31. 5 hour s  was  obtained 

which is only about half of that demonst ra ted  by ce l l s  T3, T4, T18, 

and T19 but substant ia l ly  g rea t e r  than T34 above. 
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A review of some  e a r l i e r  experimental  data indicated that a combina- 

tion of sulfur  and HgS04 might provide longer  l ife than HgSO, alone. 

A number  of such ce l l s  were  tes ted and a s u m m a r y  is given below. 

All t e s t s  w e r e  run  a t  -63°C under cyclic loads of 2.7 and 1 3 . 6 R .  

Total 
Cathode 

g m s .  

Life i n  Hours  
to to 

1 . 5 v  1 . 3 v  
T e s t  
No.  

Sulfur 
g m s .  

NH4SCN 
gms .  

Carbon 
gms. 

Cathode 
Collector  gms. 

T-26 

T- 27 

T-31 

T-32 

T-33 

T-4  

T-18 

T-19 

44 .1  

44.1 

39 .2  

39.2 

10 

0 

0 

0 

19.3 49.6 

49 .6  

44.1 

44.1 

57 

51 

6 3  

6 3  

22.0 135 C rod  .L 50 -0- 

19.  3 22.0 

19. 5 

135 C rod  44 56 

47 .5  55 34. 2 137 C rod 

34 .2  19. 5 137 Steel rod  3 45 

133 0 200 Ag w i r e  

Ag coil  

Ag coil  

Ag coil  

73  7 8  

6 3  70 

59 - 
119 0 170 

147 0 210 

147 0 210 53 - 
*50 hours  under  cycl ic  load plus an  additional 64 hours  under  a 13.6Sl load to 1 .30  vol ts  

A compar ison  of T27 and T31 shows that  a substant ia l  i n c r e a s e  in 

HgS04*  2"3 in  the presence  of sulfur  did not i n c r e a s e  the cel l  l i fe  

significantly. 

and T19) pe r fo rmed  be t te r  than any in the  group T26 to T32. 

The cel ls  which did not contain any NHISCN (T4,  TI  8, 

However,  cel l  T33, which contained only ten g r a m s  of sulfur  and 

no NH4SCN, out -per formed al l  of the o the r s  with a l ife of 7 3  hours .  
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MAGNESIUM/META-DINITROBENZENE CELLS 

Refer  to  Table  I1 

The magnesium/meta-dinitrobenzene ce l l s  tes ted  during the 

q u a r t e r  a re  summar ized  in Table 11, s ta r t ing  on page 23. 

second 

T e s t  Number 2396, which was one of t h e  bes t  f la t  plate  ce l l s  run  

at -73"C, yielded about one F a r a d a y  p e r  m o l  in 44 hours  which is 

well  below the r equ i r ed  l ife.  

Since then, a number  of ce l l s  have been cons t ruc ted  in the s p i r a l  

configuration shown i n  F igure  3, page 14. That i s ,  the va r ious  

components in shee t  f o r m  were  la id  one upon the o ther  and then 

ro l led  into a solid unit of cyl indrical  shape.  These  ce l l s  can  be 

i n s e r t e d  into var ious  conta iners  such as  the A-606, the A-622,  o r  

beake r s .  The pref ix  "H" indicates  disposable  cel l  containers .  

Cel l  Number B2 r a n  well  for  49. 5 hour s  a t  -73°C  to 1.70 volts,  

at which t ime  one of the leads  was  broken. 

Number  B3, a full s i z e  vers ion,  ran  a t  -73°C fo r  116 hour s  to 

1 .  5 vol ts  and f o r  another  1 5  hour s  to 1 .  .1 volts.  

0 . 7 6  and 0. 8 4  Faradays  pe r  mol  of oxidant, respect ively,  

The yields  w e r e  

Numbers  B4, B5, and I36 were  s i m i l a r  to B 3  except  that  they w e r e  

t e s t ed  at  t2O"C. The resu l t s  w e r e  v e r y  poor down to a n  end voltage 

of 1. 5. However, B4 and B6 w e r e  allowed to continue discharging 

to 1. 3 volts.  Since the voltage cu rves  w e r e  q u i t e  flat, i t  requi red  

about 50 hour s  for  the voltage to d e c r e a s e  f rom 1 .  5 to 1 .  3. 

Fa radays  per mold  of Oxidant -- 
To 1 . 5 ~  To I .  4v To 1 . 3 ~  

B4 0 . 1 5  0. 25 0 .46 
B6 0.  15 0. 31 0 .45  
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Cell  Number B7 w a s  built  into a n  A-622 quick-coupler  chamber  and 

act ivated.  Because of leakage of ammonia  f r o m  the container ,  i t  

was  not discharged and w a s  allowed to s tand on open c i r cu i t  for 

two weeks.  After this,  the cell  w a s  t r a n s f e r r e d  f r o m  the chamber  

to a beaker ,  react ivated,  and  d ischarged  under  the r equ i r ed  cycl ic  

load a t  -63°C. 

additional 11 hours  to 1 . 4  volts. 

cel l  pe r fo rmed  well  a t  -63°C a f t e r  a par t ia l ly  act ivated s tand.  

I t  per formed fo r  110 hours  to 1. 5 vol ts  and for  an 

It  is in te res t ing  to  note that  this 

Cell  B8 fa i led  because  of a n  electrolyte  leak.  

B9 w a s  placed on  act ive stand f o r  seven  days,  a f t e r  which an  

inspect ion revealed that  the Mg anode had co r roded  completely.  

B11 w a s  on act ive s tand for 8 days  a t  -63"C, a f t e r  which the cyclic 

load  w a s  applied.  

vol ts  under  the l ight load and 1 . 4 5  vol ts  under  the heavy load. One 

hundred two hour s  w e r e  requi red  to d ischarge  the cel l  to 1 .67  volts 

under  13.6R and to  1 . 0 0  volt under  2 . 7 R .  

The peak closed c i rcu i t  voltage was  only 1 . 8 2  

The r e su l t s  of tes t  a t  -73°C on B10, as given i n  Table 11 , page 2 5 ,  

show a n  88-hour l i fe  to 1 .  50 vol ts  and a 107-hour l i fe  to 1 .  30 vol ts  

under  heavy load.  In addition, the cell  was allowed to d ischarge  

another  15 hour s  to 1 .  15 volts, a f t e r  which i t s  t e m p e r a t u r e  was  

inc reased  slowly to ambient .  Diiring a ten-hour  per iod,  the voltage 

r ecove red  to 1. 90  a t  2.7a. 

32 hour s  to a n  end voltage of 1 . 6 5  a t  2.7R and 1 . 9 0  a t  13.652 . 
probable that  this ce l l  could have run  much longer .  

The d ischarge  w a s  continued for  another  

It i s  
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SEPARATOR 

AN ODE 

UNCOl LED CELL 
COLLECTOR 

SPIRAL CONFIGURATION 

FIGURE 3 
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NOTES TO TABLES I AND I1 

ELECTROMOTIVE CELL TESTS 

1 T. T.  = P y r e x  Tes t  Tube 

Loads shown a s  A / B  rep resen t  cyclic loads of Ahz for 6 
minutes  and Bh for  5 4  minutes 

2 

M-1365 Webril in multiple l a y e r s ,  0 .  004"/ layer  
3 

After 23 hours ,  added KSCN 4 

Coordination No .  0 = HgS04 
5 

No. 2 = H g S 0 4 .  2NH3 (ammoniated)  
No. 4 = HgSO, - 4NH3 ( s laked)  

S.S. = s t a in l e s s  s tee l  
6 

7 
Whatman No .  50 f i l t e r  paper 

::<Based on l igh ter  load .  

**;Based on heavy load. 

a 

b 

126 g r a m s  HgSO, 

106 g r a m s  H g S 0 4  

*anode lead  shea red  a t  4 9 . 5  hours  on cel l  B-2.  
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Ag Coil 

60 I 

TABLE I 

ELECTROCHEMICAL 

Ag Coil 

60  

Tes t  Number: 

0.028 

2 

___ __ 

Major  Variables:  

Reference  (Page No. ): 

Vehicle : 

Configuration - Bobbin: 

Net Cel l  Volume (in.'): 

Load, n 2 :  

T e m p e r a t u r e  "C: 

H r s  to  End Voltage (Cumulative) 1 . 5 / 1 . 3 V .  ** : 
Anode (AZ31B Mg Sheet) ,  A r e a  (cm'): 

Cathode, g m .  HgS04.  2NH3: 

Cathode, gm.  Sulfur: 

Cathode, gm.  Carbcn: 

Cathode Collector:  

Cathode Collector  A r e a  (cm'): 

Separa to r  Thickness3 ,  inches:  

HgS04 * NH3 Coordination No.  5: 

Init ial  Open Ci rcu i t  Voltage: 

Init ial  Closed Circui t  Voltage:k: 

P e a k  Closed Ci rcu i t  Voltage*: 

End Voltage (under Max. Load) 

End Voltage (under Light Load): 

Init ial  Anode C.  D. (mA/cm*)*: 

Ini t ia l  Cathode Collector  C. D. (mA/cm2)*; 

Obse rved  Coulombs / g r a m  oxidants1 

Obse rved  F / m o l  Cathode Reactanti 

Watt Hours  /Inch' of Net Cell; 

f 
- -  

I 1 Magne s i urn / 
_---._____. 

T2 

6 
TT 

30 

3/15 

-63" 

44 I 
280 

119 

T3 

open top 

6 

. .  A-6 24 

34 

3 / 1 5  

-63" 

7 u j 7 2  

354 

119 

l 2  j 2. 30 

j 2 . 2 0  

2 . 2 2  I 2.00 
I 

2 . 2 1  

0. 52 

2 .44  

28 1 

0 .96  

. 0 .65  

1 

2. 30 

2. 25 

2 . 2 5  

1 . 5 0  

2.111 

0 . 4 2  

2 .  50 

39s 

1 .37  

0 . 7 3  

1 

I 

L 

I 
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CELL TESTS 

M e r c u r i c  Sulfate Couples  

T 4  

7 

T T  

30 

3 /15  

-63" 

6 3 / 7 0  

354 

1 1 9  

Ag Coil 

60 

- 0 . 0 2 8  

2 

2.45  

2 .  25 

2 .  25 

1 .  50 

2.20 

0 . 4 2  

2. 50 

3 5 9  

1.  25 

0 . 7 4  

I 

T5 

c losed  top 

7 

A-624 

34 

3 /15  

- 6 3 "  

57/61 

3 54 

119 

Ag Coil 

60  

0 .028  

2 .20  

2. 25  

1 .  5 0  

2 . 0 5  

0 . 4 2  

2 . 4 4  

323 

1 . 1 1  

0 . 5 9  

T6 

cathode dia.  

7 

A-624 

34 

3 / 1 5  

- 7 3 "  

57/59 

248 

140 

Ag Coil 

60  

0.028 

2 

2 .30  

2.20 

2.20 

1 .  50 

2.10 

0 . 5 9  

2.44 

27 1 

0 . 9 3  

0 . 5 7  

-----___.__ ._ . -  

- _-- - 

T8 

slaked 
cathode dia. 

7 

A-6 24 

34 

3 /15  

t20" 

16/18  

3 37 

161 

Ag Coil 

60  

-- - 0 . 0 2 8  - . - __ -. - - ____ ---- 
4 

2.  38 

2 .  3 2  

2.  32 

1 . 5 @  

2. 1 7  

0 . 4 6  

2.  58  

6 8  

0. 24 

0 .17  

T9 

slaked 
cathode dia. 

7 

A-624 

34 

2.67115 

-73" 

33/34  

37 3 

147 

Ag Coil 

60  

0.028 

4 

2. 36 

2. 30 

2.  30 

1 .  5 0  

2 .  08 

0 . 4 1  

2.  56 

154 

0 . 5 3  

0 .35  

--- - - - 
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Major  Variables:  

Reference  (Page No. ): 

Vehicle': 

Configuration - Bobbin: 

Net Cel l  Volume (in.3):  

Load, n2: 
Tempera tu re  "C: 

H r s  to End Voltage (Cumulative) 1.  5 1  1.  3V. ** : 
Anode (AZ31B Mg Sheet) ,  A r e a  (cm'): 

Cathode, gm.  HgSOI. 2NH3: 

Cathode, gm.  Sulfur: 

Cathode, gm.  Carbm: 

Cathode Collector:  

Cathode Collector  A r e a  (cm'): 

I 

, 

I TABLE I 

8 

E ELECTROMOTIVE 

8 

60 

0.028 

T-10 

60 

0.028 

Center  
Anode 

8 

T. 'r. 
Inve r se  

30 

3 /15  

-63" 

0 

2. 30 2.  35 

2. 30 2.  35 

1 . 5 0  1 . 5 0  

1 . 7 5  1 . 7 8  

0 . 6 8  - -  
2. 56 - -  
41 224 

0 .14  0.77 

0 .11  0 .61  

Sepa ra to r  Thickness  3 , inche;; , 2  I 
_- -- 

HgSO, * NH3 Coordination No. . 

2.30 

2.32 

1 . 5 0  

1 .80  

0 .64  

2. 58 

67 

0.23 

0 .  18 

leaked  
s .cilwit 

Ini t i a1 0 pen Ci r c u i t Vo 1 t age : 

Ini t i a1 C 1 o s e d C i r cui t V o l t  age * : 

P e a k  Closed Ci rcu i t  Voltage*: 

End Voltage (under Max. Load) 

End Voltage (under Light Load): 

Init ial  Anode C. D. (rnA/cmZ)*: 

Init ial  Cathode Collector  C. D. (mA/cm')*; 

Obse rved  Coulombs / g r a m  oxidants1 

Obse rved  F / m o l  Cathode Reactanti 

Watt Hours  /Inch3 of Net Cell; 

fa i led to 
act ivate  

I 
Magnes ium/Mercur i c  

T-11 T-12 T-13 

geomet ry  & t e m p e r a t u r e  I 

A-624 I A-624 1 . T . T  
I I 

Convent ion a1 
I 

34 

3/15  

- 7 3 "  t 2 0 "  

1 0 . 5  56.5 

226 

175 

0 

75 

34 

3/15 

t 2 4 "  

17  

242 

175 

0 

75 

Ag Coil 

30 

3 /  1.5 

-63" 

32 .5  1 
27 1 

175 .1 
0 

0.028 

2. 30 

2 .15  1 
2 .  23 

1 . 5 0  I 
2.00  

0 . 5 5  I 
2 . 4 3  

125 I 
0 . 4 3  

0 . 3 8  ' I 
I 
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A-624 

Continued 
I 

8 9 8 

T. T. 11-6 24 A-624  

1 C E L L T E S T S  

Sulfate Couples I - 
T-14 T-15 T-16 T-17 T-18 T-19 

geometry & t emp.  ohmic load 
anode to t e m  pe 1- a t u  r e t empera tu re  

68 

3 /15  

-7 3" 
I 

I 41 

725 

175 

0 

75  

60 

0.028 

4 

I 2. 35 

2. 30 

2. 35 

1. 50 

2.00 

0 . 2 2  

2 .61  

16 3 

0.  56 

0.  23 

I 

30 

3 /15  

-63" 

47 

37 1 

175 

0 

75 

60 

0 .016  

2 

2 . 3 5  , 
2. 25 

2. 28 

1 . 5 0  

1 . 9 0  

0 .41  

2 .54  

183 

0 . 6 3  

0 .  56 

made axnx- 
ti0nbXkfl-l 

Conve n ti onnl 

37 

3 /  15 

-73" t l 5 "  

47 83 

46 5 

147 

0 

6 3  

60 

0.016 

2 
- 

2 . 3 5  - -  
2 .  25 - -  

2. 25 2. 27 

1 . 5 0  1 .50  

1 . 7 0  1 . 7 5  

0 .  32 - -  
2 .  50 - -  
216 383 

0 . 7 4  1 .  31 

0 . 4 5  0.80 

3 /15  

20 O 

2 . 7 /  13.6 

-63" CJ - 30" 

16 59 7 1  

46 5 430 

164 147 

0 I o  
Ag Coil 

60 

0 . 0 2 8  

I 
7 6  

0 .  26 

0 . 2 0  

"Vented" J 

~ 

30 

2.7/13.6 

-63" M - 3 0 °  

53 64 

36 2 

147 

0 

63  

60 

0 .028  

2 2 
.- -I - - - . - 
-------I 

2 . 2 2  2. 40 - -  
2 . 0 5  2 . 1 3  _ -  
2 .  25 2 .  30 2 . 3 0  2 .37  

1 . 5 0  1 . 5 0  1 . 5 0  1 . 8 5  

l . 8 8  1 . 5 2  1 . 9 5  2. 29 

0 . 3 8  P.  47 - -  
2. 7 6  - -  2 . 8 2  - -  
300 3 0  2 2 i  2 335 

0 .  ; 3  1 . 1 5  

0 . 7 c  0 .88  0 . 7 7  0 . 9 5  

I- - - --- I 
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poetylene 
Slaking Slaking Black 

3 
t 
1 
8 

Webril EWer 
3OcHscs 1 5 c k s  

I 
T . T .  

TABLE I Continued 

ELECTROMOTIVE C E L L  TESTS 

Magnes ium/Mercur ic  Sulfate Couples 

I T . T .  I T . T .  1 T . T  , I  

Tes t  Number: 

Major Variables:  

30 

Reference (Page No.  ): 

Vehicle1: 

Configuration - Bobbin: 

Net Cel l  Volume (in. '): 

Load, Q2:  

30 30 30 30 

Tempera ture  O C: 

1 H r s  t o  End Voltage (Cumulative) 1. 5/1.  3V. ** : 
-63" 

Anode (AZ31B Mg Sheet),  A r e a  (cm'): 

Cathode, gm. HgSO,. 2NH3: 

Cathode, gm. Sulfur: 

Cathode, gm. Carbm: 

Cathode Collector: 

Cathode Collector  A r e a  (cm'): 

Separa tor  Thickness3,  inches: 

HgSO, NHp Coordination N o .  5. . 
Init ial  Open Ci rcu i t  Voltage: 

Init ial  Closed Circui t  Voltage*: 

Peak  Closed Circui t  Voltage *: 
End Voltage (under Max. Load) 

End Voltage (under Light Load): 

Init ial  Anode C. D. (mA/cm')*: 

Init ial  Cathode Collector  C. D. (mA/cm2)*; 

Observed  Coulombs / g r a m  oxidantel 

Observed  F / m o l  Cathode Reactant1 

Watt Hours/Inch3 of Net Cell; 

-63" -63" 

9 

T. T 

9 

T .  T .  

5 gms. 

T.  T. T. T 

47 

354 

147 

0 

63  

59 

354 

140 

0 

6 0  

Ag Coil 

60 

0 .028  

4 

2 . 3 5  

2 .20  

2. 30 

1 . 5 0  

1 . 9 5  

0 .48  

2 .82  

242 

0 . 8 3  

0 . 6 2  

6 0  

0 .028  

4 

2. 28 

2 .05  

2 . 2 1  

1 . 5 0  

1 . 9 8  

0 .46  

2 .71  

31 1 

1 . 0 7  

0 . 7 5  

- 

55 

3 s4 

122 

0 

52 

60 

0 .028  

2 

2 . 3 5  

2. 22 

2. 25 

1.  50 

2 .00  

0 . 4 7  

2 .76  

337 

1 .  15 

0 . 7 2  

-63" 

46 

354 

140 

0 

60  

24" 

16 

0 .028  

4 

2. 25 

2. 20 

2 .22  

1 .  50 

2 . 1 0  

0 .46  

1 0 . 2  

220 

0 .  76 

0 .  58 

7 

-63" 

48 

354 

140 

0 

60  

12" 

8 

0.028 
~~ ~~ 

4 

2. 3 2  

2. 25 

2 .  30 

1 . 5 0  

1 . 9 6  

0 . 4 8  

21 1 2  

258 

0 .  89 

0 .  64  
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Acetylene 
Black 
9 g m s .  

9 

1 

S: HgSO, 2NH3 with NH,SCN 1 
11 

1 ELECTROMOTIVE' 

T e s t  Numbe r: 

Major  Var iab les :  

Reference  (Page No.  ): 

Vehicle': 

Configuration - Bobbin: 

Net Cel l  Volume (in.3): 

Load, n2: 
T e m p e r a t u r e  "C: 

H r s  to  End Voltage (Cumulative) 1 .5 /1 .  3V. ** : 
Anode (AZ31B Mg Sheet), A r e a  (cm2): 

Cathode, gm. HgSO, 2NH3: 

Cathode, gm.  Sulfur: 

Cathode, gm.  Carbcn: 

Cathode Collector: 

Cathode Collector  A r e a  (cm2): 

Sepa ra to r  Thickness3,  inches: 

HgSO, NH, Coordination No .  5 :  

Initial Open Circui t  Voltage: 

Init ial  Closed Circui t  Voltage': 

P e a k  Closed Circui t  Voltage*: 

End Voltage (under Max. Load) 

End Voltage (under Light Load): 

Init ial  Anode C. D. (mA/cmL)*;  

Init ial  Cathode Collector  C. D. (rnA/cm2)*; 

Obse rved  Cou lombs /g ram oxidantel 

Obse rved  F / m o l  Cathode Reactanti 

Watt Hours/Inch '  of Net Cell; 

Magne s ium / Me r cu r i c  Sulfate and 

T-25 T-26 

rr. T .  I T .  T 

-- 
30 

2.7 / 13.6 

- 6 3 "  

39 

354 

115 

0 

50 

Ag Coil 

60 

0 . 0 2 8  

4 

2 . 3 3  

2 . 0 0  

2 . 2 2  

1 .  50 

2 .00  

0 .46  

2 . 7 2  

250 

0 . 8 6  

0 .  50 

~ - - .  
A_-_- -- 

I 

Conventional 

30 

2.7/13.6 00/13.6 00/.13.6 

-6 3" 

50 87 114 

3 54 

19. 3 

4 4 . 1  

1 49 .6  

Carbon rod - 3/16" x 11" 

8 38 

0 .028  

2 - 8  
2 . 4 5  

2 . 1 2  

2 . 2 0  1 .  80 1 . 5 3  

1 . 5 0  

2 . 0 0  1 .  50 1 .  30 

0 . 4 6  

4 .  26 

580 835 993 

0 . 2 6  0. 38 0 . 4 5  

1 

0 . 6 3  0 . 8 8  1 . 0 1  
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1 
1 11 

T. T .  

Continued 

- 
1 

P a p e r  Act ive  cathode S:HgSO,. 2NH3 wi th  NH4- ~ Act ive  
P u l p  Stand soaked  i n  SCN s t e e l  cathode 2NH3 St and  
3 gms. wlanode  IW+KlW& 

9 10  10 11 11 11 1 0  

S wolanode c o l l e c t o r  

T. T .  T. T .  T .  T. T .  T .  T .  T .  T.  T .  T T .  

C E L L  TESTS 

T-27 T-28 T - 2 9  T-30  T - 3 1  "-32 T - 3 3  T-34  

Convent ional  

I 30 30 30 I 30 -k.- 30 130 I 30 
I 
1 
I 
I 

1 
8 
I 
1 
I 
1 

2 . 7 1 1 3 . 6  
-~ 

-63"  -63" -63" -63"  -63"  -6 3" -63"  -63"  

441 56 625163.5 0 3 1.5132.5 47 .51  55 3 / 4 5  59 7 3 / 7 8  10/  10. 5 

354 37 2 304 347 352 3 37 337 36 8 

19. 3 140 119 119 3 4 . 2  3 4 . 2  132 140 

44.  1 0 0 0 3 9 . 2  3 9 . 2  10  0 

49.6  - 60  51 51 4 4 . 1  4 4 . 1  57 60 

A g w i r e  A g w i r e  A g w i r e  C rod Steel rod A g w i r e  A g w i r e  

38 1 3 . 4  13 .  3 1 3 . 4  38 31 1 4 .  7 1 6 . 7  

0 . 0 2 8  

2 2 2 2 2 2 2 2 

2 . 4 5  2 .  36 0 . 9 3  2 .  2 5  2 .  52 2 . 5 7  - -  2 .  35 2 .  24 

2 . 2 0  2 . 0 0  2 . 1 2  2 . 0 0  2 .  06 - -  2 . 1 0  2 . 1 5  

2 . 2 0  2.  30 2 . 2 0  2 .  23 2 .  1 3  2 . 0 1  2 . 2 5  2 . 2 4  

1 .  50 1 .  50 1 .  S O  1 .  50 1 . 5 0  1 . 2 5  1 . 5 0  1 .  30 

1 . 9 5  1 . 7 5  1 . 9 5  1 . 9 5  2 . 0 1  1 . 6 6  1 . 7 5  1 . 8 7  

0 . 4 6  0 . 4 5  0 . 4 7  0 . 4 7  0 . 4 7  - -  0 . 4 9  0 . 4 5  

4.  26 1 2 . 6  1 2 . 1  4 .  32 5. 06 - -  1 1 .  25 9 . 9 0  

510 .3 37 1 9 4  4 8  1 30 524 382 53 

0 .  23 1 .  16 0 .67  0 . 2 8  0 . 0 2  0 . 3 0  0 . 7 9  0 . 1 5  

-.--p-.---------------=--p-, 0 . 0 2 8  . .-- 0 . 0 2 8  
- .__ - 

0 028 
-.-I. 

0 . 0 2 8  
_. . .__I__. 

0 .  028 
_.__ 

0 . 0 2 8  0 .  028 - - - . ~ - .  ~ - ~__~___ 

I 0.55 0 . 8 3  0.40 0 . 6 1  0.04 0 . 5 9  0 . 9 5  0 .  13  . 
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TABLE I1 

ELECTROCHEMICAL 

Tes t  Number: 

Major Variables:  

Reference  (Page  No. ): 

Vehicle': 

Configuration - 
Net Cell Volume (in.'): 

Load, n2: 
Tempera tu re  "C: 

** : 
Anode (Mg Sheet) ,  A r e a  (cm'): 

Cathode, g m  m-DNR:  

H r s  t o  End Voltage (Cumulative) 

Cathode, gm. Carbcn: 

Cathode Collector: 

Cathode Collector  A r e a  (cm'): 

Separa tor  Thickness3,  inches: 

Init i a1 Open C i r c ui t Volt age : 

Init ial  Closed Ci rcu i t  Voltage*: 

Peak  Closed Ci rcu i t  Voltage*: 

End Voltage (under Max. Load) 

End Voltage (under Light Load): 

Init ial  Anode C.  D. (rnA/crn')*~ 

Ini t ia l  Cathode Collector  C. D. (mA/cm')*'; 

Observed  Coulombs / g r a m  oxidants1 

Observed  F / m o l  Cathode Reactanti 

Watt Hours  /Inch3 of Net Cell; 

B2 

Configuratior 

12 

A-606 

spi r a1 w r a p  

6 

25/120 

-73" 

4 9 . 5  

77 

16 

16 

Ag Sheet 

77 

0 .012  

2. 34 

2 . 3 4  

1 .70*  

1 . 9 3  

0.  25 

0 .  25 

282  

0 . 4 9  

0 . 4 2  
___ .. 

Magnes ium/  

B3 - 
Size 

1 2  

H-622 

s p i r  a1 w r a p  

33 

3 /15  

-73" 

116 131 

67 1 

172 

172 

Ag Sheet 

710 

8 
1 

1 

1 
0.012 

2 .10  

2.10 

1 . 5 0  1 .40  

1 .82  1 . 6 7  

0 .21 

0 .20  

437 480 

1 

8 0.76 0 .84  

1 . 1 4  1 . 2 2  
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1 CELL TESTS 

meta- Dinitrobenzene Couples 

B4 B5 

I T e m p e r a t u r e  

I 
I 
1 
I 
1 
I 
I 

12  

H-622 

Sp i ra l  Wrap 

33 

3 /15  

t 2 0  " 

21 37 7 0 t  

671 

172 

17 2 

Ag Sheet 

710 

0 . 0 1 2  

2 .  40  

2.  28 

2. 28 

t 

1 1 . 5 0  1 . 4 0  1 . 3 0  

1.'90 1 . 8 7  1 .84  I 0.  23  

0 . 2 1  

8 3  143 26 2 

0 . 1 5  0 . 2 5  0 . 4 6  

0 . 2 3  0.38 0 . 6 8  

Replicate 

12  

H-622 

Sp. Wrap  

33 

3 /15  

t 2 0 "  

5 

671 

172 

172 

AgSheet 

710 

0 .012  

2 . 1 2  

2 .12  

1 .  50 

0 . 2 1  

0 .20  

19 

0 . 0 3  

0 .  05  

B6 B7 

22 

Replicate 

1 2  

H-6 22 

Spi r a1 Wrap 

33 

3 /15  

+20 O 

49 73  

67 1 

172 

172 

Ag Sheet 

710 

0 . 0 1 2  

2 . 1 2  

2 . 1 2  

1 . 5 0  1 . 4 0  1 . 3 0  

1 . 8 3  1 . 7 7  1 . 7 0  

0 . 2 1  

0 . 2 0  

8 3  180 26 1 

0 .  1 5  0 .  31 0 . 4 5  

0 .22  0.46 0 . 6 5  

V e h i c 1 e 

1 3  

1 L beaker  

Spi r a1 Wrap  

3 3  

3 1  15 

- 6 3 "  

110 121 

851 

206 

2 .  05 

2 .  05 

1 .50  1 . 4 0  

1 .80  1 . 7 3  

0 .  16 

0 . 1 6  

34 2 36 5 

0 . 6 0  0.51 

1 . 0 6  1 . 1 0  
---I---- 

2 396 

Zonfiguratio 

1 2. 

A-622 

F l a t  P l a t e  

6 . ? 

10/  50  

-7:." 

44.4 

13fi 

16 .  2 

16.  2 

Ag 13xmet 

135  

0 .  
-._.- .-_-- ------ 

2 .25  

2 . 2 5  

7 2 5  

1 .  50 

.- . 

0 . 3 3  

0 . 3 3  

558 

0 .97  

0 . 6 8  

I 

B8 

Vehicle 

1 3  

H-606 

Sp.Wrap 

6 

25/ 120 

t20" 

0 

77 

16 

16 

Ag Sheet  

77 

0 .012  

--. 
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TABLE I1 Continued 

ELECTROCHEMICAL, C E L L  TESTS 

Magnesium / meta-  Dinitrobenzene Couples 

Te 8 t Numbe r : B-9 

Major Variables:  

Reference (Page No.  ): 

Vehicle': 

Configuration - 
Net Cel l  Volume (in. '): 

Load, Q2: 

Tempera tu re  C: I Hre to End Voltage (Cumulative) 8* : 

Anode (Mg Sheet),  A r e a  (cm'): 

Cathode, gm.  m - D N B :  

Cathode, gm. Carbcn: 

Cathode Collector: 

Cathode Collector  A r e a  (cm'): 

Sepa ra to r  Thickness3,  inches:  

Initi a1 Open Circui t  Voltage: 

Init ial  Closed Circui t  Voltage*: 

Peak  Closed Circui t  Voltage*: 

End Voltage (under Max. Load) 

End Voltage (under Light Load): 

Init ial  Anode C. D. (rnA/cmZ)'k: 

Init ial  Cathode Collector  C. D. (mA/cm2)*; 

Observed  Coulombs / g r a m  oxidant81 

Observed  F/mol  Cathode Reactant1 

W a t t  Hours/Inch3 of Net Cell; 

act ive 

at 2OoC 

13 

stand 7 day: 

13-606 

Sp. Wrap 

6 

2 5 /  120 

+20 O 

0 

77 

16 

16 

Ag Sheet 

77 

0 .012  -- - 

B-10 B-11 

Tempera tu re  

1 3  

H-622 

Spi r a1 Wrap 

33 

2 . 7 / 1 3 . 6  

- 7 3 "  

88 107 

67 1 

172 

1 7 2  

Ag Sheet 

710 

0.012 - 

2.25  

2 . 1 0  

2. 10 1.80 

1 . 5 0  1 . 3 0  

1 . 8 0  1 . 6 5  
0. 23 - -  
0 . 2 2  - -  
366 420 

0 . 6 4  0 . 7 3  

0 . 9 5  1 . 0 3  

act ive 
stand 8 days  

at -63"  C 

1 3  

1 L b e a k e r  

Sp. Wrap  

33 

2.71 13.6 

-63" 

102  

67 1 

17 2 

172 

Ag Sheet 

710 

0 . 0 1 2  

I . C C ,  

1.  h'2 

1. on 

1 . 6 7  

0 . 
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EFFECTS OF CHROMATE COATING O N  MAGNESIUM ANODES 

A "wet stand" study of chemical ly  t r ea t ed  and untreated magnesium 

anodes was  pe r fo rmed  in  25 p e r  cent b y  weight KSCN - l iquid 

ammonia a t  -62°C .  The purpose of these  exper iments  was  

two-fold: 

(1 )  To de termine  the passivation effect of ch romate  f i lms  on the 

co r ros ion  r a t e  of pure magnes ium anodes 

To es tab l i sh  a method of increas ing  the wet-stand of magnesium 

in ammonia activated ba t tc r ies .  

( 2 )  

This act ivated-  stand investigation was per formed on four s ingle  

ce l l s  of M~/2550/0KSCN-NH,/HgS04.2NH3-C:  Ag for  a per iod of 

twenty-one days at  -62°C. 

c i r cu i t  potential a f te r  activation; the open c i rcu i t  voltages va r i ed  

f r o m  2. 24 to 2. 30. 

Each  cell  was tes ted fo r  i t s  oper- 

The shelf life of ammonia-act ivated ba t t e r i e s  < ) r  single ce l l s  is 

inve r se ly  proportional to the r a t e s  of the self-discharging reac t ions .  

These se l f -d ischarge  reactions o r  "open-circui t  l o s ses"  r e s d t  in 

de c r ea5 ed The exact  re la t ionship and 

interplay of the anode (Mg) and cathode (HgSO4) in the se l f -d ischarge  

mechanism a r e  cu r ren t ly  unknown. However, s eve ra l  hypotheses 

a r e  being considered to elucidate the p r i m a r y  react ions.  

e l  ec t r oc h em ic a1 capac  ti y. 

The r a t e  of de te r iora t ion  of magnes ium anodes in KSCN-NH3 

solutions m a y  be explained in  t e r m s  of chemical  

galvanic cor ros ion .  In general ,  the dissolution r a t e s  of m e t a l s  

a r e  de te rmined  by the composition and the p rope r t i e s  of the f i lms  

that f o r m  on the meta l  sur faces .  

emergence  of Mgts ions f rom the me ta l  l a t t i ce s  in  contact with 

ammonia-KSCN solutions can be broadly divided, f rom the 

3 n d 

Anodic p r o c e s s e s  involving the 
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thermodynamic standpoint, into those i n  which the cat ion (Mg") 

finally becomes  solvated o r  complexed in  solution such as  [Mg(NH3)6 ++I 
and those in  which it becomes p a r t  of a solid phase  [Mg(NH,),]. 

Which type of p r o c e s s  occur s  depends on the thermodynamic prop-  

e r t i e s  of the pa r t i cu la r  metal /solut ion sys t em,  on the p r o g r e s s  of 

the anodic se l f -d ischarge  reaction, and, in  pa r t ,  on f ac to r s  involv- 

ing the na ture  of the cathodic m a t e r i a l .  General ly ,  co r ros ion  

p r o c e s s e s  occur  much f a s t e r  i f  the s y s t e m  is such that the anodic 

product  is f r ee ly  soluble.  

P rocedure  

Two s e t s  ( A  and B) o r  magnesium anodes (2"  width, 4" length,  

.008" th ickness)  w e r e  degreased  i n  acetone and t rea ted  with a 

spec ia l  chromate  solution (CrO3 - 1 2  g r a m s / l i t e r ;  CaSO,. 2Hz0 - 
8 g r a m s / l i t e r )  by an immers ion  p r o c e s s .  Both s e t s  w e r e  r in sed  

in  w a t e r  and allowed to  air  dry.  

heated at 1 6 5 ° F  fo r  24 hours .  

magnes ium anodes containing the i r  na tura l  oxide-carbonate  f i lm.  

Anodes f r o m  s e t s  A, B, and C w e r e  wrapped around 20-gram 

cathodes of m e r c u r i c  su l f a t e  - carbon ( 7 :  3 ra t io) .  

opened-circui t  potentials were  de te rmined  in 25 p e r  cent  K S C N  

NH3 solution. The cel ls  were  placed in  propy-lene bottles,  covered  

with 25 p e r  cent  K S C N - N H j  solution, and allowed to stand for  

twenty-one days .  Next, the ce l l s  w e r e  removed and p laced  in  

f r e sh ly  p repa red  25  p e r  c e n t  KSCN-NH3 solut ions.  Negligable 

opened-circui t  voltage was obtained. 

d i scharge  reac t ions  was  readily apparent  upon examining the spent  

cathode mix tu re .  

dis t r ibuted throughout the carbon m a t r i x  giving a speckled appearar.ce 

Afterwards,  s e t  " € 3 "  anodes w e r e  

The control s e t  ( C )  consis ted of 

The individual 

The extent of the self-  

Metal l ic  m e r c u r y  i n  small bead-like f o r m  was  
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Dissolution of the magnes ium anodes i n  s e t s  A, B, and C w a s  

extensive.  

under -  lying magnes ium.  

t r e a t e d  anodes w e r e  considerably l e s s  than the control  s e t  of 

untreated magnes ium anodes.  

The ch romate  t rea tment  gave f a i r  protect ion to the 

The weight l o s s e s  of the ch romate -  

The re  was  no significant difference between the unheated ch romate -  

t r ea t ed  anodes (Set A) and those heated (Set B)  a t  1 6 5 ° F .  

Conclusions 

The ch romate  pass iva t ion  by the i m m e r s i o n  p r o c e s s  d e c r e a s e d  

the co r ros ion  r a t e  of magnesium in 25 p e r  cent  KSCN-liquid 

ammonia  solution a t  - 6 2 "  C. 

p rope r t i e s  of the f i lm was  due to  penetrat ion of the e lec t ro ly te  

through film pores  and defects,  onto the magnes ium su r face .  

The e lec t rochemica l  na tu re  of magnes ium and the magnitude of 

i t s  co r ros ion  potential  i n  KSCN-NH3 are  probably contributing 

f a c t o r s  in the ini t ia l  de te r iora t ion  of the ch romate  f i lm.  The 

catalyt ic  o r  inhibitor effect  of ch romate  on the se l f -d ischarge  of 

the cathode m a t e r i a l  i s  unknown. It  has  been postulated that  in 

neu t r a l  (KSCN) ammonia  solution, magnes ium c o r r o d e s  slowly, 

forming  the insoluble magnesium amide  [Mg( NH,),] and evolving 

hydrogen (H2). 

Loss of complete  co r ros ion  pro tec t ive  

In gene ra l ,  the  co r ros ion  rate  is p r i m a r i l y  a function of the m e t a l  

pur i ty .  Hence, re la t ive ly  pure magnes ium was  used  i n  these  

s tud ies .  

p e r  cent  Ni, and 0 .  20 p e r  cent o ther  impur i t i e s .  

Chemical analysis  showed only 0 . 0 2  p e r  cent  Cu, 0. 001 
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FUTURE WORK 

A m e r c u r i c  su l fa te / su l fur  bobbin cel l  was  t e s t ed  a t  the end of the 

second qua r t e r .  

-63°C. 

sulfur  to m e r c u r i c  sulfate will be va r i ed  in  o r d e r  to  de te rmine  an  

optimum. Various coordination ("3) l eve ls  of m e r c u r i c  sulfate  

will  be evaluated by activating ce l l s  a t  low t empera tu re .  Additions 

of sulfur  will  be made  to coordinated m e r c u r i c  sulfate.  The effects  

of cathode and anode geometry will  be fu r the r  examined. HgS04 and 

sulfur  mix tu res  will be t rea ted  with KSCN/NHs electrolyte ,  r a t h e r  

than the fo rmer ly  estabrished p rocedure  of ammoniating the HgS04 

alone. 

This cel l  exceeded the 72-hour r equ i r emen t  at 

Additional experiments  a r e  planned in  which the r a t io  of 

Bobbin ce l l s  compris ing meta-dini t robenzene : carbon and su l fur  : 

carbon will also be tes ted  a t  - 6 3 ° C .  

Exper iments  a r e  planned in  which pu re  magnes ium and o ther  a l loys 

such  as AZ-10 and AZ-21 will be employed. 

coating the s ide  dway f r o m  the cathode to  prevent  co r ros ion  in this  

a r e a .  

t empera tu re  wi l l  be made. 

will  be studied. 

We a lso  contemplate 

An analys is  of the gas  genera ted  during d ischarge  a t  room 

The effects of re-using spent e lec t ro ly te  

Arrangements  a r e  being made to coat magnesium anodes with lead 

in var ious  thicknesses  b y  means  of vapor  deposit ion under vacuum. 

The wet s tand  capacity of meta-diqitrobenzene/carbon bobbin cathodes 

in KSCN/ammonia electrolyte  will  b e  examined. 
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